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ABSTRACT

Alloy 22 (N06022) is highly resistant to crevice corrosion in pure chloride (CI') solutions. Little
research has been conducted to explore the resistance of this alloy to other halides such as fluoride (F)
and bromide (Br’). Even less information is available exploring the behavior of localized corrosion for
Alloy 22 in mixtures of the halide ions. Standard electrochemical tests such as polarization resistance
and cyclic potentiodynamic polarization (CPP), were conducted to explore the resistance to corrosion of
Alloy 22 in deaerated aqueous solutions of 1 M NaCl, 1 M NaF and 0.5 M NaCl + 0.5 M NaF solutions
at 60°C and 90°C. Results show that the general corrosion rate was the lowest in the mixed halide solu-
tion and the highest in the pure chloride solution. Alloy 22 was not susceptible to localized corrosion in
the pure fluoride solution. In 1 M NaCl solution, Alloy 22 was susceptible to crevice corrosion at 90°C.
In the mixed halide solution Alloy 22 was susceptible to crevice corrosion both at 60°C and 90°C.
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INTRODUCTION

Alloy 22 (N06022) is nickel (Ni) based and contains nominally 22% Chromium (Cr), 13% Mo-
lybdenum (Mo) and 3% tungsten (W). * Alloy 22 belongs to the Ni-Cr-Mo family of nickel based alloys,
which also include alloys such as C-4 (N06455), C-276 (N10276), C-2000 (N06200), 59 (N06059) and
686 (N06686). * The Ni-Cr-Mo alloys were designed to withstand the most aggressive industrial appli-
cations, including reducing acids such as hydrochloric and oxidizing acids such as nitric. Chromium is



the beneficial alloying element added for protection against oxidizing conditions and molybdenum is the
beneficial alloying element to protect against reducing conditions. * The base element (nickel) protects
the alloy against caustic conditions. >* All three elements, Ni, Cr and Mo act synergistically to provide
resistance to environmentally assisted cracking in hot concentrated chloride solutions. >* The alloying
elements Cr and Mo also provide resistance to localized corrosion such as pitting and crevice corrosion
in chloride containing solutions. Some of the Ni-Cr-Mo alloys also contain a small amount of tungsten
(W), which may act in a similar way as Mo regarding protection against localized corrosion. > Ni-Cr-Mo
alloys are practically immune to pitting corrosion but they may suffer crevice corrosion under aggres-
sive environmental conditions.

FACTORS INFLUENCING CREVICE CORROSION OF ALLOY 22

Many times, for an alloy selection process in an industrial application, the pitting equivalent ratio
(PRE) is applied to Ni-Cr-Mo alloys (and stainless steels). >’ The higher the PRE the higher the resis-
tance of the alloy to localized corrosion. Alloy 22 has one of the highest PRE numbers for nickel based
alloys and therefore is one of the most resistant engineering alloys to localized corrosion. **® For exam-
ple, Alloy 22 has been in service for over ten years in a flue-gas desulfurization (FGD) plant in the
United Kingdom without suffering localized corrosion. ® Due to its excellent resistance to general and
localized corrosion, Alloy 22 was selected for the fabrication of the outer shell of the high level nuclear
waste containers for the proposed Yucca Mountain repository. %

For practical purposes, Alloy 22 can be considered not susceptible to pitting corrosion in chloride
containing environments. However, Alloy 22 may be prone to crevice corrosion in some conditions. ****
There are many factors influencing the susceptibility of Alloy 22 to suffer crevice corrosion. These fac-
tors can be classified into environmental or external factors and metallurgical or internal factors. The
external factors include:

Chloride concentration

Temperature

Applied potential

Presence of inhibitors such as nitrate, sulfate and carbonate
Presence of other deleterious species such as fluoride and bromide
Proton activity (pH)

Crevice former geometry (tightness of the crevice)

Type of crevicing material, etc.
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Internal factors are related to the metallurgical condition of Alloy 22, that is, for example,
Is the alloy in the mill-annealed (MA) wrought condition?

Is there a weld seam containing a cast or dendritic microstructure?

Was the alloy solution heat-treated?

Is there a solution annealing plus water quenching oxide film on the surface?
Was the material thermally aged? At what time and temperature?

Are there secondary phases precipitated? Etc.
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Each one of these factors, external and internal affect the susceptibility of Alloy 22 to crevice
corrosion in a certain way, considering that all the other factors remain unchanged. There are many pub-
lications discussing some of the factors mentioned above. % Only the effect of halides other than chlo-
ride will be briefly discussed in this paper.



Effect of fluoride and bromide

The effect of fluoride (F) and bromide (Br’) ions on the corrosion behavior of Alloy 22 has not
been as extensively investigated as the effect of chloride (CI) ions was. Prismatic Alloy 22 specimens
(ASTM G 5) were tested in 1 M NaCl pH 6 and in 1 M NaF pH 9 solutions at 50°C. ?* The passive cur-
rent density in both solutions was the same and approximately 2 x 10° A/cm2. The breakdown potential
(E20) was 635 mV SCE in the chloride solution and 344 mV SCE in the fluoride solution. The differ-
ence in the breakdown potential can be mainly attributed to a difference in the pH of the electrolytes.
The reversed CPP did not show hysteresis in either solution and the specimens did not suffer either pit-
ting corrosion or crevice corrosion in any of these electrolytes, even after polarization to potentials
higher than 800 mV. ?° Dunn et al. tested the influence of fluoride ions when added to 0.5 M NaCl solu-
tions at 95°C for 5 min at 870°C thermally aged Alloy 22. 2 They reported that fluoride anion was not
an inhibitor to crevice corrosion as found for nitrate, sulfate and carbonate oxyanions. %%

Rodriguez et al. tested the corrosion susceptibility of MA and thermally aged Alloy 22 in 1 M
NaF solutions at pH 6, 7.3 and 9. ° Thermal aging was performed to create conditions of full aging with
TCP phases (10 h at 760°C) and long range ordering (LRO or 1000 h at 538°C). Rodriguez et al. did not
find localized corrosion (pttting or crevice corrosion) in any of the tested conditions even though the
specimens were polarized to anodic potentials where current densities of up to 10 mA/cm?2 were applied.
Small hystereses observed in the reverse CPP were attributed to uniform film dissolution in the metal.
Rodriguez et al. also performed electrochemical tests for Alloy 22 under the same metallurgical condi-
tions in 1 M NaCl pH 2, 6 and 9 and 0.5 M NaCl + 0.5 M NaF at pH 6 and 9. >’ Comparing their results
with the 1 M NaF results they concluded that Alloy 22 seemed more susceptible to crevice corrosion in
the mixed salt solution than in the pure 1 M NaCl solution of the same pH. %’

Limited studies exist on the effect of bromide ions on the localized corrosion susceptibility of Al-
loy 22. Cyclic potentiodynamic polarization (CPP) tests were carried out in 1 M NaCl and 1 M NaBr
solutions at 50°C. ?® Both solutions had a similar pH of approximately 6. A slightly higher repassivation
potential was reported for MA Alloy 22 in the bromide solution than in the chloride solution. However,
under the tested conditions Alloy 22 did not suffer either crevice or pitting corrosion in neither solu-
tion. % It has been reported that alloying elements such as Mo, which are highly beneficial for protection
againsztslocalized corrosion in chloride solutions may not be as efficient in bromide containing solu-
tions.

The purpose of the current research was to explore the behavior of Alloy 22 in 1 M NaCl, 1 M
NaF and 0.5 M NaCl + 0.5 M NaF at 60°C and 90°C. Results on corrosion potential (Ecorr), polarization
resistance, and localized corrosion resistance are presented.

EXPERIMENTAL

Alloy 22 (N06022) specimens were prepared from 1-inch thick commercial plates. The chemical
compositions are given in Table 1. All the tested material was wrought mill annealed (MA). The speci-
mens were multiple crevice assemblies (MCA) or lollipops, which were fabricated based on the washer
for crevice forming described in ASTM G 48. * The MCA specimen has been described before. 1*719
Two specimens were PCA or prism crevice assembly. ** The tested surface areas were approximately
11 cm? for the MCA and 14 cm? for the PCA specimens. The MCA specimens were partially immersed
in the electrolyte to a 2-inch depth and the PCA specimens were fully immersed. Both MCA and PCA
had the same crevicing mechanism. All the tested specimens had a finished grinding of abrasive paper
number 600 and were degreased in acetone and treated ultrasonically for 5 minutes in de-ionized (DI)
water 1 hour prior to testing.



Electrochemical tests were carried out in deaerated 1 M sodium halide solutions at 60°C and
90°C. These included: 1 M sodium chloride (NaCl), 1 M sodium fluoride (NaF) and 0.5 M NaCl + 0.5
M NaF. The pH of these solutions was approximately 6 for NaCl, 9 for NaF and 8 for the mixed salt
solution. Nitrogen (N,) was purged through the solution at a flow rate of 100cc/min for 24 hours while
the corrosion potential (Ecor) was monitored. Nitrogen bubbling was continued throughout all the elec-
trochemical tests. The electrochemical tests were conducted in a one-liter, three-electrode, borosilicate
glass flask (ASTM G 5). * A water-cooled condenser combined with a water trap was used to avoid
evaporation of the solution and to prevent the ingress of air (oxygen). The temperature of the solution
was controlled by immersing the cell in a thermostatisized silicone oil bath, which was kept at a constant
temperature. All the tests were carried out at ambient pressure. The reference electrode was saturated
silver chloride (SSC) electrode, which has a potential of 199 mV more positive than the standard hydro-
gen electrode (SHE). The reference electrode was connected to the solution through a water-jacketed
Luggin probe so that the electrode was maintained at near ambient temperature. The counter electrode
was a flag (36 cm?) of platinum foil spot-welded to a platinum wire. All the potentials in this paper are
reported in the SSC scale.

Basically the test sequence for each specimen consisted of three parts: (1) Ecor €volution as a
function of time for 24 h, (2) Polarization Resistance (ASTM G 59) * three subsequent times and (3)
Cyclic Potentiodynamic Polarization (CPP) (ASTM G 61). *°

Polarization Resistance (ASTM G 59): Corrosion rates (CR) were obtained using the polariza-
tion resistance method (ASTM G 59). Each one of these tests lasts approximately four minutes. An ini-
tial potential of 20 mV below the corrosion potential (Ecor) Was ramped to a final potential of 20 mV
above Ecorr at a rate of 0.167 mV/s. Linear fits were constrained to the potential range of 10 mV below
Ecorr to 10 mV above Eq . putting the potential (independent variable) in the X-axis. The linear fit pro-
duces a value of slope which is the resistance to polarization R,. The Tafel constants, b, and b, were
assumed to be + 0.12 V/decade. Corrosion rates were calculated using Equation 1

1 - i
i =22 and..CR(um/yr) = ke Ew 1
“r ~ R, 2.303(, +b,) m/yr)=k= @

Where k is a conversion factor, i is the calculated corrosion current density in A/lcm? (using values of
the slope Ry in V/A), EW is the equivalent weight, and p is the density of Alloy 22 (8.69 glem®). As-

suming an equivalent dissolution of the major alloying elements as Ni**, Cr®*, Mo®, Fe**, and W®*, the
EW for Alloy 22 is 23.28 (ASTM G 102). ¥

Cyclic Potentiodynamic Polarization - CPP (ASTM G 61): The cyclic potentiodynamic polariza-
tion technique, CPP (ASTM G 61) id one of the tests commonly used to assess the susceptibility of Al-
loy 22 to localized corrosion and its passive stability. The potential scan was started 150 mV below E¢or
at a set scan rate of 0.167 mV/s. The scan direction was reversed when the current density reached 5
mA/cm? in the forward scan. Depending on the range of applied potentials, each CPP test could last be-
tween 1 h and 3 h. After the CPP tests, the specimens were examined in an optical stereomicroscope at a
magnification of at least 20 times to establish the mode and location of the attack.

RESULTS AND DISCUSSION
The Corrosion Potential (Ecorr)

Figures 1-3 show the evolution of the corrosion potential (Ecorr) of individual MCA specimens of
Alloy 22 at 60°C and 90°C in 1 M NaCl, 1 M NaF and 0.5 M NaCl + 0.5 M NaF, respectively. In the



three halide-environments, the evolution of E. to the final values was faster at 90°C than at 60°C and
at the end of the 24-h immersion time, the Ecor Was higher at 60°C than at 90°C. The findings are rea-
sonable since the kinetics of electrode processes are expected to be faster and the alloy be more active at
the higher temperature. Figure 4 shows the evolution of E., for the three solutions at 90°C. In the pure
salt solutions, Eor Was lower in presence of NaF probably because the pH of this solution was higher
that that of the NaCl solution. However, the behavior in the mixed salt solution (pH ~ 8) did not follow
the pH effect trend and exhibited the highest Ecor value. The value of Ecor in the mixed solution sug-
gests that fluoride ions seem to inhibit the general corrosion process of Alloy 22 when present with chlo-
ride ions. The same trend in Ecor Of Figure 4 for 24-h immersion times was also observed at 60°C (Table
2). The values of E.or in Table 2 are 24-h values and may not be the final steady-state values of the alloy
in the reported environments. It has been reported before that the average value of E. of four rod-
specimens immersed in an aerated solution of 1 M NaF at 90°C for more than four months was
-111+3mVv sscC. ¥

Polarization Resistance (Rp) and Corrosion Rate (CR)

Figures 5-6 show the resistance to polarization of individual Alloy 22 specimens in the three
electrolyte solutions at 60°C and 90°C, respectively. At both temperatures, the highest resistance to po-
larization corresponded to the mixed halide solution and the lowest to the NaF solution. This is in
agreement with the alloy activity according to the values of E.or (Figure 4). Table 2 shows the corrosion
rates for the individual specimens for all the tested conditions, which were calculated from resistance to
polarization slopes (similar to Figures 5-6) using Equation 1. Figure 7 shows the average corrosion rates
at both temperatures. At 60°C, the average corrosion rate of Alloy 22 in the three electrolytes was gen-
erally below 0.5 um/year. The lowest corrosion rate was for the mixed halide solution at 0.28 pm/year.
At 90°C, the highest corrosion rate was for the NaF solution at 2.1 pm/year and the lowest for the mixed
halide solution at 0.55 pm/year. In all the tested electrolytes, the corrosion rate increased as the tempera-
ture increased. The values of corrosion rate (or resistance to polarization) in Table 2 and Figures 5-7
suggest that fluoride ions may act as an inhibitor for general corrosion of Alloy 22 in chloride solutions.
On the other hand, at 90°C, the highest corrosion rate was obtained in pure fluoride solutions.

Cyclic Potentiodynamic Polarizations (CPP)

Figures 8-10 show the cyclic potentiodynamic polarization curves for individual Alloy 22
specimens in deaerated solutions at 60°C and 90°C of 1 M NaCl, 1 M NaF and 0.5 M NaCl + 0.5 M
NaF, respectively. Figure 8 shows that in the 1 M NaCl solution, both curves had an anodic peak in the
passive region of potentials. At 60°C the anodic peak occurred at approximately —110 mV SSC and at
90°C the anodic peak occurred at a lower potential, or approximately —160 mV SSC. The origin is these
anodic peaks is not fully understood. They are pH and temperature dependent and seem to be associated
with further oxidation of metal species (such as Mo and Ni) in the oxide film. The breakdown potential
was lower at the higher temperature (see also Table 2). During the reverse scan, the curve at 60°C did
not show hysteresis suggesting the absence of crevice corrosion even though the specimen was polarized
up to 1 V SSC. At 90°C, the reverse scan showed a delayed hysteresis starting at approximately +500
mV SSC. Repassivation potential values are given in Table 2.

Figure 9 shows that in the 1 M NaF solution, both curves at 60°C and 90°C were free from hys-
teresis, suggesting the absence of crevice corrosion in pure fluoride solutions. At both temperatures, the
polarization curves had the same characteristics (Figure 9). The highest polarization was approximately
+800 mV SCC, suggesting that current flow (either by transpassive dissolution of by oxygen evolution)
was easier in the 1 M NaF solutions (Figure 9) than in the 1 M NaCl solutions (Figure 8).



Figure 10 shows that the polarization curve at 60°C had an anodic peak in the passive region of
potentials at approximately —30 mV SSC; however, at 90°C the curve did not exhibit the anodic peak. At
60°C, the polarization curve in the mixed halide solution did not have a hysteresis in the reverse scan
suggesting the absence of crevice corrosion. In the 90°C solution, there was a delayed hysteresis starting
at approximately +400 mV SSC.

Figures 11-12 show the polarization curves for Alloy 22 in the three studied electrolytes at 60°C
and 90°C, respectively. The breakdown potentials were the highest in the NaCl solution and the lowest
in the 1 M NaF solution (Figure 11). It is likely that current flow was easier when fluoride ions were
present in the electrolyte because of the proper nature of fluoride or because the pH of the electrolyte
was higher. In the reverse scan, the lowest potentials to reach a constant current of 1 pA/cm? (ER1) was
for the mixed ion solution and the highest for the NaCl solution. Figure 12 shows that in the forward
scan, the three polarization curves had a similar breakdown potential. In the reverse scan, the NaCl and
the mixed solutions had a similar behavior. The reverse scan in the NaF solution occurred at the highest
in potential.

Parameters from the Anodic Polarization Curves

In the cyclic potentiodynamic polarization (CPP) curves (Figures 8-12) there are several typical
potentials. One of these potentials is the corrosion potential or the potential for which the applied ca-
thodic and anodic currents are the same. Another typical potential is the breakdown potential for which
the current density increases significantly and rather rapidly above the passive current density. The pas-
sive current density is defined as the region of potentials in which the current density is not highly de-
pendent on the applied potential. In general, the CPP curves can be explained by extracting parameters
from them, which would represent the breakdown and the repassivation potential behaviors. Table 2
shows the values of potential for which the current density reaches 20 pA/cm? and 200 pA/cm? in the
forward scan and values of potential for which the current density reaches 10 pA/cm? and 1 pA/cm? in
the reverse scan. The values of potential in the forward scan are called E20 and E200 and they represent
potential breakdown values. Similarly, the two potentials in the reverse scan are called ER10 and ER1,
which represent repassivation potential values (Table 2). ****® That is, in the forward scan, when the
current density reaches for example 200 pA/cm? the passive behavior it can be considered that the of the
alloy does not exist in the passive mode and that when the current density in the reverse scan has
reached 1 pA/cmz, the alloy has regained its passive behavior prior to the breakdown. Another parame-
ter of interest is the repassivation potential determined as the intersection of the reverse scan with the
forward scan. This is call ERCO or repassivation potential cross over (Table 2). *® Table 2 shows that
the value of ER1 to indicate total passivation is always available from a CPP curve, however ERCO
values only exist when the intersection occurs, that is, in presence of hysteresis.

Figure 13 shows the breakdown potential E20 as a function of temperature for the three tested
electrolytes. At 60°C, the highest average value of E20 was for the NaCl solution (pH ~ 6) and the low-
est for the NaF solution (pH ~ 9). It is likely that at 60°C the behavior of E20 was mostly dictated by the
pH of the electrolyte. At 90°C, the values of E20 for the three electrolytes are similar (Figure 13). It is
likely that at the higher temperature there is an effect of both the pH and the nature of the halide on the
value of E20. The effect of the temperature on the breakdown potential in the mixed halide solution had
the same behavior as the breakdown potential in the pure chloride solution.

Figure 14 shows the repassivation potential ER1 as a function of the temperature for the three
tested electrolytes. Both at 60°C and 90°C, the highest average value or ER1 was for the NaF solution,
suggesting the absence of crevice corrosion in the pure fluoride solution under the tested conditions. The
average value of ER1 in the NaCl solution decreased almost 400 mV between 60°C and 90°C suggest-
ing a strong influence of the temperature on the susceptibility of Alloy 22 to crevice corrosion in NaCl
solutions. The lowest repassivation potential both at 60°C and 90°C corresponded to the mixed halide



solution. Also, the dependence with the temperature of the repassivation potential values in the mixed
halide had the same behavior as in the pure fluoride solution. ER1 values in NaF and in mixed halide
were less dependent on the temperature than in NaCl solution.

Type of Attack in the Specimens after Anodic Polarization

In the 1 M NaCl solution at 60°C, the corrosion attack in the specimens after the CPP curve was
only transpassive dissolution. The specimens were brown with some blue iridescent areas indicating
high anodic polarizations (Figure 15). At 60°C, the specimens did not have crevice corrosion. The trape-
zoidal shapes outlined in Figure 15 (and subsequent figures) are result of the position of one of 24 crev-
ice former teeth on the face of the specimens during testing. In 1 M NaCl solution at 90°C the specimens
showed both transpassivity and typical crystalline crevice corrosion just underneath the crevice formers,
in many cases outlining the entire perimeter of some of the 24 crevicing teeth in the crevice formers
(Figure 16). Figure 16 shows less transpassive dissolution than Figure 15.

In the 1 M NaF solution at 60°C and 90°C, the corrosion attack in the specimens after the CPP
curve was only transpassive dissolution (Figures 17 and 18). None of the tested specimens showed crev-
ice corrosion. The boldly exposed areas of the specimens were gray-green and showed precipitation of
salts or corrosion products, which were loosely adhered to the specimens. At 90°C (Figure 17), the out-
line of the crevice former teeth were better outlined on the specimen than at 60°C (Figure 18) but the
specimen was still free from crevice corrosion.

In the 0.5 M NaCl + 0.5 M NaF solution at 60°C, the corrosion attack in the specimens after the
CPP curve was mostly transpassive dissolution (Figure 19). However, at 60°C the specimens also
showed a slight indication of crevice corrosion at this temperature, which was not evident in either the
NaCl or NaF solutions at 60°C (Figures 15 and 17). © There seems to be less transpassivity in the
mixed halide solution at 60°C than in the pure chloride solution probably because less charge was circu-
lated through the specimens (Figure 11). Also, since the pH of the mixed halide was lower than in the
pure fluoride solution, less precipitation may have occurred (Figures 17 and 19). Figure 20 shows the
aspect of a specimen tested in the mixed halide solution at 90°C. Abundant transpassivity with gray-
green corrosion products and crystalline crevice corrosion is observed. The area of attack in the mixed
halide solution (Figure 20) seemed similar to the area of attack in pure chloride solution (Figure 16).

The presence of fluoride ions in a chloride solution seems to increase the susceptibility of Alloy
22 to crevice corrosion. However a more detailed study is necessary to separate ions effect from pH ef-
fects. The three studied solutions reported here had slightly different pH values (from 6 to 9). A system-
atic study should be carried out by keeping the pH of the solution constant and by varying systematically
the concentration of fluoride from trace amount (e.g. 10 M) to higher values in a more extended tem-
perature range. It is also important to determine if the mode of crevice corrosion for Alloy 22, which
was well established in pure chloride solutions *® would change when in presence of fluoride (and bro-
mide) ions.

€ It is common to observe in Alloy 22 two distinctive types of attack under the crevice formers when polarizing a specimen
anodically. Type | of attack is obviously crevice corrosion since it manifests itself in a shiny crystalline mode. That is, the
grains of the alloy are clearly discernible and even crystal planes within the grains are observable. In certain cases (some-
times depending on the mode the potential is applied or the type of tested material) the attack under the crevice former will
appear as intergranular corrosion. On the other hand, Type Il of attack has a spotty dull appearance that occurs under the
crevice former but it is not different from the transpassive dissolution occurring in the boldly exposed surface of the speci-
men. In Type Il attack, the environment under the crevice former does not seem to reach the aggressive conditions necessary
for Type | attack (or crevice corrosion).



CONCLUSIONS
The 24-h Eorr of Alloy 22 was the highest in the 0.5 M NaCl + 0.5 M NaF pH 8 deaerated solu-
tion and the lowest in the 1 M NaF pH 9 deaerated solution. Ec.r had an intermediate value in the
1 M NaCl pH 6 deaerated solution

The corrosion rate was the highest in the 1 M NaF solution and the lowest in the mixed halide
solution.

Fluoride ions seem to act as a general corrosion inhibitor when added to a chloride solution

Using the CPP technique, Alloy 22 was resistant to crevice corrosion in 1 M NacCl solution at
60°C but was susceptible to crevice corrosion at 90°C

Alloy 22 was resistant to crevice corrosion in 1 M NaF both at 60°C and 90°C

Alloy 22 was slightly susceptible to crevice corrosion in the mixed halide solution at 60°C and
susceptible at 90°C

The presence of fluoride ions in a chloride solution seems to increase the susceptibility of Alloy
22 to crevice corrosion
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TABLE 1
CHEMICAL COMPOSITION IN WEIGHT % OF THE TESTED SPECIMENS

ALL SPECIMENS WROUGHT MILL ANNEALED

Specimens/Element Ni Cr Mo W Fe Others
Nominal ASTM B 575 50-62 20-22.5 | 12.5-145 | 25-35 2-6 2.5C0-0.5Mn-
0.35v ®
DEA3129-DEA3271 ~57 21.2 12.9 2.5-3.5 3.9 0.7C0-0.25Mn-
Heat 2277-1-3265 0.17V
SRGO01 and SRG13 59.56 20.38 13.82 2.64 2.85 0.17V-0.16Mn
Heat 059902L L1
(A) Maximum \
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TABLE 2

CHARACTERISTIC POTENTIALS (mV, SSC) AND CORROSION RATES FOR ALLOY 22

Corrosion Rate
Specimen ID  |24-h Eor. (um/year) E20 E200 ER10 ER1 ERCO
1 M NaCl, 60°C
DEA3147 (A) -428 0.77,0.70, 0.58 638 805 685 132 163
DEA3148 (A) -426 0.75, 0.87, 0.83 663 802 689 598 NA
DEA3267 (A) -369 0.14,0.15, 0.17 604 816 670 62 44
DEA3268 (A) -421 0.52, 0.58, 0.67 600 816 665 27 15
DEA3273 (A) -458 0.13, 0.05, 0.15 570 813 683 578 NA
DEA3264 -429 0.27,0.33, 0.31 606 781 672 551 NA
DEA3265 -520 1.55,1.17,1.27 634 766 667 552 NA
1 M NaCl, 90°C
SRGO1 (B) -578 1.23,1,0.62 302 527 -9 -72 -79
SRG13 (B) -577 1.69, 1.53, 1.29 306 513 -6 -76 -80
DEA3129 -298 0.74, 0.95, 0.63 234 674 25 -51 -24
DEA3130 -237 0.93, 1.2, 0.68 291 582 -14 -75 -67
DEA3262 -571 1.93, 1.66, 1.36 386 635 30 -94 -53
DEA3263 -599 2.55, 2.40, 1.29 315 612 20 -99 -54
DEA3269 (A) -548 1.21,1.04,0.61 271 631 -10 -66 -66
DEA3271 (A) -457 0.41,0.51, 0.23 378 524 11 -59 -44
1 M NaF, 60°C
DEA3155 -623 0.37,0.27, 0.086 406 523 435 339 NA
DEA3156 -642 1.21,1.07,0.138 403 516 435 343 NA
1 M NaF, 90°C
DEA3153 -661 3.05, 2.18, 1.70 369 688 435 271 534 (C)
DEA3154 -657 2.33,2.27,1.06 195 674 391 173 522 (C)
0.5 M NaCl + 0.5 M NaF, 60°C
DEA3149 -252 0.39, 0.38, 0.39 522 570 414 0 168
DEA3150 -389 0.17,0.18, 0.16 500 582 496 140 NA
0.5 M NaCl + 0.5 M NaF, 90°C
DEA3151 -477 0.30, 0.84, 0.53 163 544 94 -91 -42
DEA3152 -522 0.27,0.60, 0.77 314 542 80 -104 -114

E20 and E200 are the potentials in the forward scan of a CPP curve for which the current densities reach
20 pA/cm? and 200 pA/cm?, respectively. ER10 and ER1 are the potentials for which the current density
in the reverse scan reaches 10 pA/cm? and 1 pA/cm?, respectively. ERCO is the potential at which the
reverse scan crosses over the forward scan. (A) 1.25 M NaCl, NA = Not Available or Not Applicable,

(B) PCA specimen (Prism Crevice Assembly), (C) Cross over in the transpassivi
[ | [ [ |

e region of potentials
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FIGURE 1 — E¢r as a function of time for Alloy 22 Specimens in 1 M NaCl
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FIGURE 2 — E¢r as a function of time for Alloy 22 Specimens in 1 M NaF
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FIGURE 3 — Eo as a function of time for Alloy 22 Specimens in 0.5 M NaCl + 0.5 M NaF
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FIGURE 4 — E¢r as a function of time for Alloy 22 Specimens in 1 M Halide at 90°C
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FIGURE 5 — Resistance to Polarization for Alloy 22 in 1 M Halide at 60°C
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FIGURE 6 — Resistance to Polarization for Alloy 22 in 1 M Halide at 90°C
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FIGURE 7 — Average Corrosion Rate for Alloy 22 in 1 M Halide as a function of temperature
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FIGURE 11 — CPP curves for Alloy 22 in
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FIGURE 12 — CPP curves for Alloy 22 in
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FIGURE 14 — Repassivation Potential ER1 for
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FIGURE 13 — Breakdown Potential E20 for Alloy
22 in the three halide solutions

FIGURE 15 — Specimen DEA3264 after CPP in 1
M NacCl at 60°C. The top section of the creviced
round part of the lollipop (MCA) specimen is
shown. Brown-blue transpassive dissolution. The
specimen is free from crevice corrosion. Magnifi-
cation X ~10.
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FIGURE 16 — Specimen DEA3262 after CPP in 1 FIGURE 17 — Specimen DEA3156 after CPP in 1

M NaCl at 90°C. Transpassive dissolution and M NaF at 60°C. Only transpassive dissolution. The

crystalline crevice corrosion. Magnification X ~10 specimen is free from crevice corrosion. Magnifi-
cation X ~10

FIGURE 18 — Specimen DEA3153 after CPPin1  FIGURE 19 — Specimen DEA3150 after CPP in

M NaF at 90°C. Only transpassive dissolution. The 0.5 M NaCl + 0.5 M NaF at 60°C. Transpassive

specimen is free from crevice corrosion. Magnifi- dissolution and traces of crevice corrosion. Magni-
cation X ~10. fication X ~10.
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FIGURE 20 — Specimen DEA3264 after CPP in
0.5 M NaCl + 0.5 M NaF at 90°C. Abundant
transpassive dissolution and crystalline crevice
corrosion. Magnification X ~10.
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